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Searching is one of the most common operations on arrays; sorting is another extremely common 
operation on arrays. Sorting an array, as you might expect, means to arrange the elements in a 
specific order — usually smallest value to greatest value. Below we are going to create an array and 
sort it using an algorithm known as selection sort. 


public class SelectionSorting 


{ 
public static void main(String[] args) 
{ 
int[] valArray = new int[10]; 
valArray[0] = 93; 
valArray[1] = 11; 
valArray[2] = 71; 
valArray[3] = 6; 
valArray[4] = 39; 
valArray[5] = 67; 
valArray[6] = 41; 
valArrayL[7] = 88; 
valArray[8] = 23; 
valArray[9] = 54; 
PrintArray(valArray) ; 
System. out.println() ; 
SelectionSort(valArray) ; 
PrintArray(valArray) ; 
} 
public static void PrintArray(int[] A) 
{ 
for (int i = 0; i<xA.length; i++) 
System.out.printin("Cell #" + i+": " + ALi]); 
} 


// And we will now proceed to write SelectionSort 


What does selection sort do? Well, one way you might sort things in real life is to find the 
smallest value in your collection and set it aside. Then, you are left with a pile of the remaining 
values — all of which come after that smallest value that you set aside — and you would need to sort 
that collection. Once you sort the remaining values, you just place the sorted collection after that 
smallest value which you had set aside, and you are done. 


Example, on array from the main() method above 


A[il] 93 11 71 6 39 67 41 88 23 54 


Start of SelectionSort recursive call #1, where we are 
sorting the subarray with indices 0 through 9. 


We are attempting to sort the subarray with indices 0 through 9. The minimum value over 
those indices is 6, which is located in cell 3. So, swap the value in cell 3 with the value at our low 
index — namely, index 0 — so that the minimum is placed in the first cell in our subarray. Now, all 
that remains is to recursively sort the values in the subarray with indices 1 through 9, and we will 
be done. 


A[il] 6 11 71 93 39 67 41 88 23 54 


Start of SelectionSort recursive call #2, where we are 
sorting the subarray with indices 1 through 9. 


We are attempting to sort the subarray with indices 1 through 9. The minimum value over 
those indices is 11, which is located in cell 1. So, swap the value in cell 1 with the value at our low 
index — namely, index 1 — so that the minimum is placed in the first cell in our subarray. (Note 
that this doesn’t really do anything, since the minimum has stayed in the same cell. But in general, 
the minimum will be somewhere other than the first cell in our subarray, so we would have that 
swap in our code, and in the cases where the miniumum happens to already be in the first cell of 
our subarray, the swap is uselss and thus wastes a bit of time, but does no harm.) Now, all that 
remains is to recursively sort the values in the subarray with indices 2 through 9, and we will be 
done. 


A[il] 6 11 71 93 39 67 41 88 23 54 


Start of SelectionSort recursive call #3, where we are 
sorting the subarray with indices 2 through 9. 


We are attempting to sort the subarray with indices 2 through 9. The minimum value over 
those indices is 23, which is located in cell 8. So, swap the value in cell 8 with the value at our low 
index — namely, index 2 — so that the minimum is placed in the first cell in our subarray. Now, all 
that remains is to recursively sort the values in the subarray with indices 3 through 9, and we will 
be done. 


A[il] 6 11 23 93 39 67 41 88 71 54 


Start of SelectionSort recursive call #4, where we are 
sorting the subarray with indices 3 through 9. 


We are attempting to sort the subarray with indices 3 through 9. The minimum value over 
those indices is 39, which is located in cell 4. So, swap the value in cell 4 with the value at our low 
index — namely, index 3 — so that the minimum is placed in the first cell in our subarray. Now, all 
that remains is to recursively sort the values in the subarray with indices 4 through 9, and we will 
be done. 


A[il] 6 11 23 39 93 67 41 88 71 54 


Start of SelectionSort recursive call #5, where we are 
sorting the subarray with indices 4 through 9. 


We are attempting to sort the subarray with indices 4 through 9. The minimum value over 
those indices is 41, which is located in cell 6. So, swap the value in cell 6 with the value at our low 
index — namely, index 4 — so that the minimum is placed in the first cell in our subarray. Now, all 
that remains is to recursively sort the values in the subarray with indices 5 through 9, and we will 
be done. 


A[il] 6 11 23 39 41 67 93 88 71 54 


Start of SelectionSort recursive call #6, where we are 
sorting the subarray with indices 5 through 9. 


We are attempting to sort the subarray with indices 5 through 9. The minimum value over 
those indices is 54, which is located in cell 9. So, swap the value in cell 9 with the value at our low 
index — namely, index 5 — so that the minimum is placed in the first cell in our subarray. Now, all 
that remains is to recursively sort the values in the subarray with indices 6 through 9, and we will 
be done. 


A[il] 6 11 23 39 41 54 93 88 71 67 


Start of SelectionSort recursive call #7, where we are 
sorting the subarray with indices 6 through 9. 
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We are attempting to sort the subarray with indices 6 through 9. The minimum value over 
those indices is 67, which is located in cell 9. So, swap the value in cell 9 with the value at our low 
index — namely, index 6 — so that the minimum is placed in the first cell in our subarray. Now, all 
that remains is to recursively sort the values in the subarray with indices 7 through 9, and we will 
be done. 


A[il] 6 11 23 39 41 54 67 88 71 93 


Start of SelectionSort recursive call #8, where we are 
sorting the subarray with indices 7 through 9. 


We are attempting to sort the subarray with indices 7 through 9. The minimum value over 
those indices is 71, which is located in cell 8. So, swap the value in cell 8 with the value at our low 
index — namely, index 7 — so that the minimum is placed in the first cell in our subarray. Now, all 
that remains is to recursively sort the values in the subarray with indices 8 through 9, and we will 
be done. 


A[il] 6 11 23 39 41 54 67 71 88 93 


Start of SelectionSort recursive call #9, where we are 
sorting the subarray with indices 8 through 9. 


We are attempting to sort the subarray with indices 8 through 9. The minimum value over 
those indices is 88, which is located in cell 8. So, swap the value in cell 8 with the value at our low 
index — namely, index 8 — so that the minimum is placed in the first cell in our subarray. (Again, 
this is a swap that happens to be useless, but harmless.) Now, all that remains is to recursively 
sort the values in the subarray with indices 9 through 9, and we will be done. 


A[i] 6 11 23 39 41 54 67 71 88 93 


Start of SelectionSort recursive call #10, where we are 
sorting the subarray with indices 9 through 9. 


We are attempting to sort the subarray with indices 9 through 9. In this case, our array is down 
to only one element, since the bounding indices are identical. Therefore, there is nothing to sort — 
certainly if you have only one element, it is in the “proper order” since there is nothing to be out 
of order with — and so we could simply return. 

Note that right before we return, we actually have 11 method calls active. The method main() 
called SelectionSort the first time, which called SelectionSort a second time, which called 
SelectionSort a third time, and so on. We’ve never returned from any of those SelectionSort 
calls. But now that we’ve completed our base case, we will start to return from those calls. There 
is never any more work to do when we return to a previous call — the recursive call is the last work 
each call does — and so basically at this point call #10 just returns to call #9, call #9 immediately 
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returns to call #8, call #8 immediately returns to call #7, and so on, until finally call #2 returns 
to call #1, and at last, call #1 returns back to main(). The array was completely sorted at the 
end of the base case call (call #10); the rest was just ending the methods we had started, one by 
one, so that we could return back to main(). 


A[il] 6 11 23 39 41 54 67 71 88 93 


Final sorted array (same as array right before 
returning from call #10) 


So, that is our algorithm description and an example of how it works. We now need to implement 
this description via a Java method. 
First, we should turn our attention to the Swap method. To swap the values at two indices, we will 
pass in the array itself, and the two indices. Swap will then read the two values at those indices 
and write each of them into the other cell. 


public static void Swap(int[] A, int i, int j) 
It is not enough to say 


public static void Swap(int[] A, int i, int j) 
{ 

A(i] = ALjl; 

ACj] = Ail; 


} 


because in the first line, we erase the value in ALi] by overwriting it with the value in A[j]. So, 
the end result of the above code will be that the value which is stored in A[j] to start with gets 
written into A[i] and then copied back into A[j] as well. And we have lost A[i] for good. 

So, instead, we need to set up a temporary variable to store A[i] so that we don’t lose it. Then, 
we can store A[j] in Ali], and finally we can write the value in the temporary variable into AL[j]. 
At this point, our swap is complete. 


public static void Swap(int[] A, int i, int j) 


a 
int temp = A[il; 
ACi] = ACj]; 
ALj] = temp; 

ag 


For the SelectionSort method itself, well, as we discussed before in the searching lecture, it 
is often helpful to have a public version of the method that takes only the data the client cares 
about, and a private recursive helper method that takes that data and also the relevant values to 
make the recursion work. Here, the relevant values are the array indices — so that we know the 
bounds of our current subarray — and so the public SelectionSort will take only the array as an 
argument, whereas the private SelectionSort it calls will take both the array and the bounds of 
our current subarray (initially the bounds of the entire array) as arguments. 


public static void SelectionSort(int[] A) 


{ 
SelectionSort(A, 0, A.length-1) ; 
} 
private static void SelectionSort(int[] A, int lo, int hi) 
{ 
// code here 
} 


For the recursive SelectionSort, we have already seen that the base case is when there is only 
one cell left — i.e. when lo and hi are the same. In that case, the array is sorted and there is 
nothing left to do. So the only case where there is actual work to do — and thus the only case we 
actually need to code — is the case where lo < hi. 
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private static void SelectionSort(int[] A, int lo, int hi) 
{ 
if (lo < hi) 
// recursive case code here 


} 


And, we said the recursive case involves (1) finding the minimum of this subarray, (2) swapping 
the miniumum into the first cell of the subarray, and (3) recursively sorting the rest of the subarray. 
If we assume we have a method to find the miniumum (which we will write shortly), each of those 
tasks can be accomplished in one line: 


private static void SelectionSort(int[] A, int lo, int hi) 


{ 
if (lo < hi) 
{ 
// (1) Find index of minimum value of subarray 
int min = FindMinimum(A, lo, hi); 
// (2) Swap minimum value into first cell of 
// subarray (sometimes lo will equal min; as 
// stated in the example, this is then a useless 
// swap, but also a harmless one 
Swap(A, lo, min); 
// (3) recursively sort the remainder of the array 
SelectionSort(A, loti, hi); 
a 
} 


Finally, finding the minimum value in the range A[lo]...A[hi] can be seen as a recursive 
problem too. If the array is of size 1, then certainly that one cell is the minimum, so return its 
index. Otherwise, find the minimum of the rest of the cells (i.e. all the cells but the first one) 
recursively. Then, compare that result to the first cell’s value. If the first cell’s value is lower than 
the minimum of the remaining cells, then by definition it is lower than all the remaining cells, and 
thus is the overal minimum. On the other hand, if the minimum of the remaining cells is also less 
than the first cell, then the minimum of the remaining cells is the minimum of all the cells. 


Final code: 


public static void SelectionSort(int[] A) 


{ 
SelectionSort(A, 0, A.length-1) ; 


private static void SelectionSort(int[] A, int lo, int hi) 
{ 
if (lo < hi) 
{ 
int min = FindMinimum(A, lo, hi); 
Swap(A, lo, min); 
SelectionSort(A, loti, hi); 


private static int FindMinimum(int[] A, int lo, int hi) 
{ 
if (lo == hi) 
return lo; 
else 
{ 
int locOfMinOfRest = FindMinimum(A, loti, hi); 
if (A[Tlo] < A[locOfMinOfRest] ) 
return lo; 
else 
return locOfMinOfRest; 


private static void Swap(int[] A, int i, int j) 
{ 

int temp = A[il; 

A{i] = ACj]; 

ALj] = temp; 


